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Abstract: Neutrosophic Dombi fuzzy graph is an advancement of the Dombi fuzzy graph and 
intuitionistic Dombi fuzzy graph. In this paper, we have initiated a new concept of the Fermatean 
neutrosophic Dombi fuzzy graph. Further, we identified a few products of the direct, cartesian, 
composition of Fermatean neutrosophic Dombi fuzzy graphs. Also, we examined the related 
proposition with suitable illustrations with graphs. 
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1. Introduction 

In 1965, Zadeh [17] developed the idea of a fuzzy set and the term degree of membership to 
address imprecision. Using the degree of non-membership in the fuzzy set idea as an independent 
variable, Antanassov [5] proposed intuitionistic fuzzy sets (IFS) in 1983. Florentin Samarandache 
created a neutrosophic set with a degree of indeterminacy in 2005 [15] by utilizing the concept of 
intuitionistic fuzzy sets. The neutrosophic sets are defined by truth, indeterminacy, and false 
membership function. 

In many fields, including geometry, number theory, topology, optimization, and computer 
science, graph theory is utilized to solve combinatorial problems. A graph is made up of nodes and 
arcs. Fuzzy logic is an extension of classical logic, where each and every item has a different grade of 
membership. The concept of fuzzy graphs was first introduced and explained by Kaufmann in 1975 
[10]. IFS relationships and intuitionistic fuzzy graphs were discussed in 2006 by Shannon 
and Atanassov [14]. Neutrosophic graphs were first developed by Ghoei and Pal[8], and they are used 
to model a variety of real-world problems. 

The Dombi operator with relevant parameter was inaugurated by Dombi [7] in 1982, and the 
concept of the Dombi fuzzy graph was developed by Ashraf et al. (2018) [4]. The Dombi operator is 
crucial in simulating and resolving numerous problems encountered in everyday life. In order to take 
use of this advantage, Mijanur Rahman Seikh and Utpal Mandal (2021) [11] applied Dombi operations 
to intuitionistic fuzzy graphs and created a multiple attribute group decision-making problem. The 
neutrosophic Dombi graph was invented and refined by Tejindarsingh lakhwani, Karthick [16].In 
addition to proposing Pythagorean neutrosophic fuzzy graphs using the Dombi operator, Ajay et 
al.[1] presented an innovative concept of a Pythagorean neutrosophic fuzzy graph. In this research, 
we introduced a new emergent notion of the Fermatean neutrosophic Dombi fuzzy graph using the 
Dombi operator. the primary consideration, In Section 2, we developed and remembered the 
fundamental concepts and notions used in this part. In Section 3, we described the new concepts of 
Fermatean neutrosophic Dombi fuzzy graphs and establish their proposition with relatable 
illustrations and graphs. 
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2. Preliminaries 

2.1. Definition: Let 9p be anon-empty set. A fuzzy set A* in Ypis distinguished by its membership 
function @,,(8p):>[0,1] and up(m) is interpreted asthe degree of member of elementn“ ina fuzzy 
set N", for each n“ € Vp It is clear that N” is determined by the set of tuples of N” = 
{(n* Quy (8p), n" € Dp}- 


2.2. Definition: An intuitionistic fuzzy set (briefly IFS) N*” is an object of having the form 
At={<n"", at, (8p), Buy (Op)> : n“ € Ryx} where the functions a,,(9p):>[0,1] and B,,(9p):— [0,1] 
denote the degree of membership and the degree non-membership of each element n“ € dpto the set 
G* respectively, and 0S a@,,,(8p)+B,,(@p) <1 for each n” € Jp. Denote by IFS(Ryx), The set of all 
intuitionistic fuzzy sets in Yp. An intuitionistic fuzzy set G* in Jp is simply denoted by N#=<n*, 
Ay, (p), Buy p)> instead of denoting A*= {(n",a,, (Wp), Bu, @p)) : n* € Bp}. 


2.3. Definition Let 0) be a non-empty set. A Neutrosophic set (NS) A# in Ypis characterized by a 
truth-membership function yp, an indeterminacy-membership function Bup > and a falsity - 
membership functiony,,, is @)(p), Buy Op), Yup Wp) are real or non-standard subsets of] 07, 1*[on 
Vp. 

i.€.)@y,) (Wp): Up = 0°", 1*] 

Buy Op): dg 105471 

Yup Op): 9p > J0-, 1° 


2.4. Definition: A fuzzy graph of the graph D*=(@p,¢p) is a pair of D=(up, Vp), Where wp — [0,1] 
is a fuzzy set on @p and Vp :@pX@p — [0,1] is a fuzzy relation on @p such that vp (n,t)< 


Hp (D)A Mp (t),V(N,t)E PpXPp. 


2.5.Definition: A binary function ¥ :[0,1]X[0,1] — [0,1] is known as triangular norm (t-norm) if 
for all n,t,s € [0,1], it satisfied the following conditions 

(1) (Neutral property or boundary condition) #(n,1) =n 

(2) (commutativity) #(n,t) = F(t,n) 

(3) (associativity) #(1,(t,s)) = #(( n,t),s) 

(4) (monotonicity) #(1,t) <#(s,d) ifns s andtsd 


2.6.Definition: A binary function M :[0,1]X[0,1] — [0,1] is known as triangular conorm (t- 
conorm) if and only if there exists a t-norm F for all #(n,t) € [0,1]X[0,1] 
M ( n,t)=1-¥(1-n,1-t) 
Preferred options for t-norms are: 
e The minimum operator M (n,t)=MIN(n,t) 
e The product operator P(n,t)=nt 


1 


1-n)\]*, 1-t EeOace 
te) +e 


e The dombi’s t-norm, 


Preferred options for related t-conorms are: 
e The maximum operator M*(n,t)}=MAX (n,t) 
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e The Probabilistic sum P*(n,t) =n+t-nt 


1 
Gr 


e The Dombi’s t-conorm 7 


“(Sl 


nt 


One more pair of #-operator is F(n, t= oa 


n+t—2nt 
1-nt ’ 


P(n,t)= which is obtained by substituting 6 = 1 in dombi’s t-norm and t-conorm. Also 


™ _< M(n,t) and M*(n,t)< =" < P*(nt). 


n+t—nt — 1-nt ~— 


Pints 


2.7. Definition: A dombi fuzzy graph with a countable set @pas the elementary set is a pair 
D=( Up, Vp ),where Up > [0,1] is a symmetric fuzzy on @p such that ¢p(nt)< 


yon) ep(t) 


——————— Vnte 7 
ep(n)+ep(t)-ep(n)gp(t) ” 4 Pp 


2.8. Definition: Let D*=(@p,¢p) be acrisp undirected graph contain no self loop and parallel edges. 
Let Up = (Gup Buy Yup) such that a, 8p > [0,1], Buy :%> > [0,1], Yup 8 > [0,1] a, : Bp > [0,1], 
Byp: Pp > [0,1] »%y: Vo > [0,1] -Here a@,,,@,, —- The membership function, £,,,B,, > The 
indeterminacy function, ¥,),%vyp) > The falsity function in the neutrosophic dombi fuzzy graph, 
Sr © UpXV_ Then the neutrosophic dombi fuzzy graph, D = (pp Up, Vp) 


top Megp() 


TH, Vrt ele 
App (N)+Agp(t)-a@pp(Nayp(t) ’ SD 


a., (nt) < 
Bup ()Bup (t) 


VLE 
Buy )+Bup Bap (MBup (O) Sp 


Bey (nt) < 
Yvp (+p (t)-2Yyp MYvp (t) 


Vnte 
1 yp Mvp 0) : Sp 


Yep (nt) < 


3. Fermatean Neutrosophic Dombi Fuzzy Graph 

3.1 Definition: A fermatean neutrosophic dombi fuzzy graph is defined [its indicated by FNDFG] 
with a finite elementary set JUpof its order pair d= (@p,¢p) where @p: Vp > [0,1].Here we consider, 
Up = (@opBupYvp) such that ag, : 8 ->[01) , By : %-101] , xn, : %-> 101), 
Ap ?% > [0,1] , Buy: 8 7 [0,1] »Wp: Y > [0,1] .Here a,,,a,, > The membership function, 
Bup» Pvp > The indeterminacy function, Y,,,%y) > The falsity function in the Fermatean 
neutrosophic dombi fuzzy graph, ¢z © 3pXIp Then the fermatean neutrosophic dombi fuzzy graph, 
d= (Pp Up» Vp) 


Agn(N)agy(t) 
a. (nt) < Pp. ?D ,WVnte 
SD ( ) App (N)+app(t)-App (Nagy (t) Sp 
t 
Bop (nt) < Eup SBE Vnt Esp 


Bup +Bup O-Bup Buy ( ’ 


Yvp (+p (t)-2Yyp MYvp (t) 


3 3 3 7 
ene , Wnt Esp And 0 <a,,,~ (nt)+ B,,~ (nt)+ YW, ° (nt) <2; 08 


Yep (nt) Ss 
ay, (nt)+yy, 3(nt) < 1; 0S By, *(nt)< 1. 
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3.1 Example: Define a graph D=( @p,Sp ). Here @p ={ 14,72,N3N4NsNo } and 
Sp=IN1Nz, Ny Ng, NzN3z, NzNs, NzNq, N3Ng, NgNs, NsgNg}.Let Op and dp be fermatean neutrosophic dombi 


fuzzy graph vertex set and fermatean neutrosophic dombi fuzzy edge set specified on @p,Sp 


respectively. 
n4(0.6,1,0.7) 
(0.5,0.5,0.7) (0.5,0.6,0.7) 
So 
a n3(0.9,0.6,0.4) 
ns(0.8,0.5,0.6) = 

~ ro) > 

oS Ny So 

D = = 

oS oS 

had S 

oS oS 

~ nN 

n,(0.8,0.5,0.7) n,(0.8,1,0.4) 
(0.5,0.4,0.8) (0.5,0.7,0.8) 
n,(0.6,0.7,0.8) 
Fermatean Neutrosophic Dombi Fuzzy graphs 

ny ng ny Ng N5 NE NyNg N1N6 NZQNZ N2QN5 N3N4g N3N6e N4gNs N5N6 
0.6’ 0.8’ 0.9’ 0.6’ 0.8’ 0.8 0.52’ 0.52’ 0.73’ 0.66’ 0.56’ 0.73” 0.52” 0.66 
Ges n1 N22 ng Ng Ns Ne _ JM1nN2 N1Ne N2N3g N2Ns NgNq NzgNe N4Ns N5N6 
D~ 0.77 1706’ 170.5’ 0.7 SD= 0.7’ 041’ 067 05 ’ 06 7 0.37’ 0.5 ’ 0.33 
ny N22 Ng Ng Ns NE Ny4Ng N1NE NZQNZ N2QN5 N3N4q N3N—e N4gNs N5N6 
0.8’ 0.4’ 0.4’ 0.7’ 0.6’ 0.7 0.82’ 0.86’ 0.62’ 0.71’ 0.75 0.75’ 0.79’ 0.79 


Definition 3.2: Consider, ¢p ={nt,Oz, (nt), Uz, (nt),vz, (nt), nt € sp} be a fermatean neutrosophic 
dombi fuzzy edge set in D: 
e The order of Op is established by p(Op) =[Xneg Po. Une Hy» Unew Vo! from illustration 3.1, 
order of D, p(Op) = [3.4,4.3,2.9] 
e The size of 0,, is symbolized by ps(Op)=[Yneg 9, (Nt), neg Uc (Nt), Uneg Ve(nt) ] from 
illustration 3.1, order of D,ps(Op) = [5.33,4.71,6.95] 
e The degree of vertex n€ @p is denoted by dp, its described by 
Upy=[dsg, (1), dy, (n), dry, (n)],where 


Ez ai top Megp ©) 
do, (n)=dYinteneo Q, (nt) =lin,tenep App (M)t+a gp (t)-agpy (agp (t) , 


>» Bup (1)Bup (t) 
MEENEP BL (2) +Bup (t)-Bup ™Byp (tY 
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Yp (N)+Yyp (t)-2Yyp Mvp (t) 


Lnteneo 1-YWp Mvp (t) 


1.457 1.91’ 2.023’ 1.513’ 1.84’ 1.91 
ny 2 n3 ng M5 N6e 


1.817 1.87 1.575’ 1.8’ 1.33’ 1.16 


From illustration 3.1,dsp,= 


2.54’ 2.1557 2.125’ 2.4’ 2.29’ 2.4 


e The Total degree of vertex n €@p is specified by T[ dp, Jits explained by 
T[dpy ldo, (n), dy, (n), dy, (n)],where 


AgnNag)y(t) 
Td = t)= —___¢p —_¢p___ 
e [ lop (n) Dtsnee Q, (nt) Lin,tenep App (N)+agp(t)-app (Nagy (t) + Opp (M) , 


Bup ()Bup (t) 


t) = 
Dnrenee @. (n ) tence Bs (n)+Bup ©-Bup MBup ( Doup (n), 
Wp )+Yvp (t1)-2Yvp (MYvp (0) 
Dieenee 1- Yvp Mvp (t) +6,, (n) 
ny Ng n3 n4 ns née 


2.05’ 2.71’ 2.723’ 2.413’ 2.64’ 2.8 
ny 2 n3 ng Ns N6 


Dy | 2.51’ 2.8’ 2.375’ 2.3’ 1.83’ 2.99 


from illustration 3.1, [Td] 


2.94’ 2.65’ 2.725’ 2.872.117 3.1 


Definition 3.3: Let d = (@p,Up,Vvp) and F = (@p,upvp) of the graphs D*=(@p,¢p) and F*=(z, 6p) 
respectively and its established by the union of two fermatean neutrosophic dombi fuzzy graphare 
DUF= (®p U OF, Up U Mp, Vp U Vp). 

Od V Or=[@opu0p Bopudp Yopude] 

Mp VU Le=[@ypupe Bupuur Yupuur] 

Vp U Vp=[@ypuve Bypuve Wpuv,] Such that 


[a 1X), ifX © Pp — Pr 
[@up-]O0, ifx € Pr — Mp 


upueelOd =) a. G)+aup (0-28 np 4p OD Serre 
1 Guy COAup OO PES COO TE 
[Pup] OO, if xX © Gp — Yr 
i” [Bu-]00,ifX © Pr — Pp 
Bupvurl(x) Pup OO*Bup W-2Bup Pup je ey 
1 Bap OB up a Si sales eZ 
[Yup 100, ifX © Pp — Or 
,ify € Or —- 
Meso lO = Yup OO X Pr Pd 
Yup OOVup OO ify € n 
Yup O+Vup OO-Yup COVup OO ’ XE Pp 1) PF 
[@,,,] (nt), if nt E Cn —Sr 
[4 puvel(nt) = Pee 


Ayn (nt)+ayp) (nt)-2ayp (nt)ayp (nt) 
1- Qyp (nt)ayp (nt) 


,ifnt € op NGp 
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[Bup|(nt), if nt € sp — cr 
nt), ifnt € sp —<¢. 
[Py puv,p (nt) = Burl ( ) F D 
Pup +B yp C)~2B yp Bp) iene Ce 9 
1- Byp (nt)Byp (nt) , Sp GF 
[Yup] (nt), if nt € Sp — Sp 
[y,,](nt), if nt € sp — Sp 
Wp (nt)+Yvp (nt)-Yvp (nt)Yyp (nt) 


[Mv puve] (nt) = 
,ifnt € op N Sr 


Where 0< a, 3(nt)+B,, *(nt)+yy, 2(nt) < 2 


Example 3.3: Let us consider D = (@p,up,vp) and F = (Op,uUeve) D*= (@p,Sp) and F*=(p,6p) 
separately. Here gp = { a,b,c}, Sz ={ab,bc,ca}, g-={b,c,d} ,¢p={bc,cd,da}.Then the union of two 
neutrosophic dombi fuzzy graphs,@p U @,- is 


(0.6,0.7,0.8) (0.8,1,0.4) (0.8,0.5,0.6) 
(0.6,0.7,0.8) (0.8,1,0.3) 


(0.5,0.7,0.8) 


(0.5,0.7,0.8) 
. es - = 
So =) 2 N 
wn b iS ° 
) oO > ww 
S [ 2 S 
— » 

(0.7,0.3,0.6) 
(0.8,0.5,0.7) 0.8.1.0.4) (0.9.0.6.0.4) (0.8,1,0.3) (0.9,0.6,0.4) 
D F D UF 


Definition 3.4: Let D = (Op, pvp) and F = (Op, pvp) of the graphs D*= (@p,¢p) and F*=(@p, Sp) 
respectively and its established by the intersection of two fermatean neutrosophic dombi fuzzy graph 
d NF is 

ANF = (Op N Op, Mp ON Up, Vp N Vp).Here, 

Opn Dr=[@9pnd~ Popnde Yopndr] 

Mp He=[@upnup Pupnur Yupnur! 

Vp ON Vp=[Ay pave Bypave Wpnve] Such that 


Xp OOFG pp 00-24 up Wup OO 


,ifye gyn 
1 ayy App OO Bh aE 


* [@upnuel (X) 


Pup W*Bup CO-2Bup WOPup WO 5 
= , = nN 
[Bupnupl(x) T= Bap Buy OD ifX € Gp OF 


Yup OOVup 
Yup (+Vup C-Yup COYup OO 


Yenre lO) = LifX E Pp N Dp 
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_ yp (nt)+ayp (nt)-2ay) (nt)ayp (nt) 


© [@ypnvel(nt) eee CC ,ifnt € Sp NGe 


Pvp (nt)+Byp (nt)-2Byp (nt) Byp (nt) 
1- Byp (nt) By p (nt) 


[Bupnve (nt) 


,ifnt € op N Sr 


Wp (t)Yvp (nt) 
[Wvpnvel(nt) a “PB ~B 


>——___2—_ —— ifnte fa) 
Yup (nt) +¥yp (nt)-Wp (nt)Yvp (nt) So SF 


Example 3.4: Let us consider the two neutrosophic dombi fuzzy graphs D = (@p,up,Vvp ) and 
F=(Op, Up, Vr)D*= (Pp, Sp) and F°=(@r, Sr) separately. Here Pp = { a,b,c}, SF ={ab,bc,ca}, Qr={b,c,d} 
Sr={bc,cd,da}.Then the intersection of @p N Mp is 


Definition 3.5:[Direct product] Let @; be a fermatean neutrosophic fuzzy subset of gp and ¢; bea 
neutrosophic fuzzy subset spof ¢;=1,2,3.The direct product of fermatean neutrosophic dombi fuzzy 
graph. d= (@p,Up,Vp) and F = (Oz, UrVr) D*=(@p,Sp) and F*=(@p,¢,) separately is established by dXF 
is 

AXF= (OpXOp, UpX Up, VpXVp). 

(1.€) OpXOr=[49)x0- Bopxop Vopxor| 

MpXMp=[@upxyp Bupxur Yupxur] 

VpXVe=[Qypxvpr Pvpxvp Vvpxvp] Such that 

Sp xr ={(1, Ng), (N, tz): X E Pp Ngtz € Sp}U{(Ny,Z), (Mz,Z) : NyNz E Sp,Z E Pp} such that, 

for all (ny,n2) © @px@e , 


2p (nag, (nz) 
Lon (n1)+a9, (n2)-@gp (n1)ag, (nz) 


" Qn xdr (Ny, Nz) = 


Bup (ny) B up M2) 


Bupxue Mv 22) Foy Bunlna) Buy OOBuptna) 


Wp (11) +Yvp M2)-2Yvp (11) vp (M2) 
Wp (11) vp (n2) 


Yvp Xvp (14,72) 


Sag (n4t1) Sag, (n2t2) 


x N1,N>2) (tz, t2) = as 
(SoxSr)(Ma, 2) (Cr, ba) San (m1l1)+5ag, (2t2)-Sag, (n4t1) Sag, (ngt2) ” 
SBup (181) SBup Mate) 
SBup 1!) SByp, M2ta)—-SByp Mt) SByp (ngt2)’ 
Syvp M101) Syyp Mata)—Syyp (M1£1) Spy, (Mata) 


1—Syyp (M11) Spy, (M2t2) 
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For all nt, € Sp, Ngtz © Sp 


Example 3.5: Consider two neutrosophic dombi fuzzy graphs d = (@p, Up,Vp) and 


F=(Or,Up,Vr).Here @p={a,b},pr={x,y,Z},Sp = {ab}, Sr={xy,yz} where 


-_ { a | =| x y Zz | cI { ab } 
Pp = (0.6,0.7,0.8) ’ (0.8,0.5,0.7) PF (0.6,1,0.7)’ (0.9,0.6,0.4)’ (0.8,1,0.4) Sp = (0.5,0.4,0.8))” 


xy YZ 


———_,—_———_ }. Then we have 
(0.5,0.6,0.7) (0.7,0.6,0.5) 


Sr=t 


(~px@pr)(a,b) =(0.5,0.4,0.8), (Ppx@e)(x,y)=(0.5,0.6,0.7) , (Ppx@r)(y,z)=(0.7,0.6,0.5), 
(@px@pr)(a,x)=(0.4,0.7,0.8), (PpxMr)(a,y)=(0.5,0.4,0.8), (@px@r)(a,z)=(0.5,0.7,0.8) 
((px@pe)(b,x)=(0.5,0.5,0.8),  (Ppx@p)(b,y)=(0.7,0.4,0.7),  (Ppx@p)(b,z)=(0.6,0.5,0.7) 
(SpxSr)(a, x)(b, y)=(0.4,0.3,0.8),(SpxSr)(a, y)(b, Z) = (0.3,0.3,0.8), 
(cpx¢r)(b, x)(a, y)=(0.4,0.3,0.8), (<px¢r)(b, y)(B, z)=(0.3,0.3,0.8). 


Y(0.9.0.6.0.4) 


(a,x)(0.4,0.7,0.8) (b,x)(0.5,0.5,0.8) 


.y)(0.5,0.4,0.8 
x(0.6,1,0.7) Z(0.8,1,0.4) (ay ) (b,y)(0.7,0.4,0.7) 
D 
(0.5,0.4,0.8) 
SS 
a(0.6.0.7.0.8) b(0.8,0.5,0.7) 
(a.2(0.5.0.7.0.8) (b,x)(0.6,0.5,0.7) 
F 
D XxX 


Theorem 3.1: The direct product of two fermatean neutrosophic dombi fuzzy graph is a fermatean 
neutrosophic dombi fuzzy graph. 

Proof: 

Let d and F be the fermatean neutrosophic dombi fuzzy graphs d = (Op, Up, Vp) and 

F=(@p, Up Vp) respectively . 

Consider,for all nyt, € Sp,N2tz € Sp such that 
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(SpXSr )(M, Nz) (ty, ta) 
The direct product d XF= T[Sp(1,t,),Sr(N2t2)] 


App (M1) Ap (N2) 
App (N1)+ agp (Nz)—Agp (Ny )agp (n2)’ 

Bup (1) Byp (M2) 
~~] Bup (11)+Bup (2)-Bup (2) Bup (r2)’ 
Wp (11) +¥vp M2)-2Yvp (11) yp (M2) 

YWp ("1)Yvp (M2) 


(SpXSr)(M1, Nz) (ty, C2) 


(P_XPr) App (M1N2)(PDXPr )ag,(til2) 
(YpXPr)ag, (N1N2) + (PpxXPr) ag, (tite) — (PpxPr) ag, (N1N2)(PpxX~p) ag, (tyt2)’ 
(PDXr)Bup (1122) (PpXPr) Py, (Cite) 
(PrXPr Pup (nyn2) + (PoXPr) Bu p(trte) = (PpXPr)Bup (1122) (PDXPr) Bu, (tite) . 
(PDXPF)Wvp (11 N2)(+ODXPF) Vv, (tite) om 2(PpXPF)Wvp (14N2)(PpXPr)ag, (t,t2) 
1- (PrXPPF)Yvp (N1N2)(PpXPr)ag, (t,t2) 


Corollary 3.2: The product of two fermatean neutrosophic dombi fuzzy graph is the fermatean 
neutrosophic dombi fuzzy graph 
From the illustration 3.5 
(PpxXz)(a,X)=(0.4,0.7,0.8), (PpxPr)(b,y)=(0.7,0.4,0.7),(SpxSe)(a, y)(b, Z) = (0.3,0.3,0.8) 
(SpxSr)(@, y)(b, Z) = (0.3,0.3,0.8) 
(PDXPF) agp (N1N2)(PDXYF)Ag, (t1t2) 
(PDXPF)AGp (N1N2)+(PDXPF) Ag, (t1t2)—(PDXPF)AGp (N1N2)(PDXPF)A gp (trt2) ’ 
(YDXPF)B up (M122) (PDXPF)Bup(tit2) 
(@DXPFB yp (122)+(PDXPF)B up (t1t2)—(PDXPF)Bup (M122) (PDXPF) Bup(tita)’ 
(DXPFYvp (1102) 4 ODXPF)Yvp (t1t2)-2(PDXPF) vp (N12) (PDXPF)A Gp (t1t2) 
1-(@DXPF)Yvp (M12) (PDXPF)Ag,(t1t2) 


=(0.34,0.34,0.86) 
Therefore the product of two fermatean neutrosophic dombi fuzzy graph is fermatean neutrosophic 


dombi fuzzy graph. 


Definition 3.6:[Cartesian product] Let 0; be a fermatean neutrosophic fuzzy subset of @p and ¢; 
be aneutrosophic fuzzy subset ¢spof ¢;=1,2,3.The cartesian product of fermatean neutrosophic dombi 
fuzzy graph.d = (Op, Up,Vp) and F = (Oz, Up.Vvz) D*= (@p, Sp) and F*=(9;z,Sr) separately is established 
by dO Fis defined as 

dO F= (OpO0;, UpOpyp, VpOv,). 

(1.€)®pD9F=[@9p00p Popnop Yopaor] 


Up Orley poup Bupoup Yupourl 


VpOVp=[Q, ove Bypove Yvpovel 
Spor ={(1,N2), (N,t2): xX E Pp Ngtz € Se}UL(Ny,Z), (Mz,Z) 2 NNz E Sp,Z E Pr}U 
{(y, Nz) (Cy, ty): My Nz E Sp), Nz # ty} 


For all (n;,n2) € @pxPz such that, 
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2p (11) a9, (nz) 

“On (ny)+a9,, (n2)-agp (n1) ag, (n2)’ 
Bup (ny) Bug (nz) 

Bup (ny)+Bup (n2)-Bup (ny) Bug (n2)’ 

Wp (11)+Wvp (2)-2Yyp (11) vp (M2) 
Vp (11) vp (2) 


1) PpDPp(Ny,N2) = 


Pagn (n) Sgn (n2t2) 
Pagn ()+Sag, (N2l2)- Pag, (n) Sgn (n2t2) : 
= PBup ™ SBup Mata) 
Ul D NN) (G65) 3 Se 
) SpOsr) (n,Ma)(E ta) PBupy +58 up Matz)-PBy, ) Spy, (Mate) 
Pyvp (n) SYvp (n2t2)-Pyyp (n) Vue (n2t2) 


1-Pyyp (n) Wve (n2tz2) 


For all n € @p and nyt, € Sp 
Sag (111) Seon (n2t2) 


Sag (1b) +5ag, (Mata)—-Sag, (m1) Sagn (nzt2) ’ 


SBup 181) SByp, Mate) 


(SpOsr) (My, N2) (tr t2) = 


SBup M1tv+5py, M2te)—SByp, 1b) Spy, Mate) ; 
Syvp (M101) Syyp Mata)—Syyp (M1b1) Syy, (Mata) 
I—Syyp (M11) Syyp, (Mata) 
For all nyt, € Sp,Nat2 © Sr 
Example 3.5: Consider two Fermatean neutrosophic dombi fuzzy graphs d = (@p, Up Vp) and 
F= (Or, Up,Ve).Here Qp={x,y,zZ},pr=la,b},Sp = {xy, yz}, Se= {ab}where 


x y Zz } a { a b | _ { ab } 
(0.7,0.6,0.5) ’ (0.8,0.7,0.5) ’ (0.9,1,0.6) (PF (0.7,0.8,0.5) ’ (0.8,0.7,0.6))” SF (0.6,0.5,0.7) 


Pp = { 


Sp = { *Y ve }. Then we have 


(0.6,0.5,0.7)’ (0.7,0.7,0.7) 

~pO9z(xY) = (0.6,0.5,0.7), ppDg-(y,z) = (0.7,0.7,0.7), ppOy,; (a, b) = ((0.6,0.5,0.7), 

~pOy-(x, a) = (0.5,0.5,0.7), ppv. (x, b) = (0.6,0.5,0.7), pp OVr(y, a) = (0.6,0.6,0.7), 

~pD9-(y,b) = (0.6,0.5,0.7), ppOy-(z, a) = (0.6,0.8,0.7), ppO@;(z, b) = (0.7,0.7,0.8), 
(SpOsr)(x,a)(x,b) = (0.47,0.37,0.76), (Sp Os¢-)(y,a)(y,b) = (0.52,0.41,0.76) 
(SpOsF) (Zz, 2) (z, b) = (0.56,0.5,0.79),(spO¢,) (x,a)(y,a)=(0.47,0.44,0.76), 
(SpOsr)(y,a)(z,a)=(0.53,0.6,0.76), (Sp Os) (x,b)(y,b)=(0.52,0.41,0.79) 
(SpOsr)(y,b)(z,b)=(0.6,0.53,0.79). 


Oo 
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46 


a(0.7,0.8,0.5) 
x(0.7,0.6,0.5) 
S 
a 
° 
nn 
S 
S) 
y(0.8,0.7,0.5) 
Dp 109.106) b(0.8,0.7.0.6) 
F 
(x,a)(0.5,0.5,0.7) (y,a)(0.6,0.6,0.7) (z,a)(0.6,0.8,0.7) 
= S ‘S 
- b(0.8,0.7,0.6) o b(0.8,0.7,0.6) th 
S 8 = 
QS har ia 
° : © 
3 5 E 
b(0.8,0.7,0.6) £ b(0.8,0.7,0.6) 
(x,b)(0.6,0.5,0.7) (y,b)(0.6,0.5,0.7) (z,b)(0.7,0.7,0.8) 


DoF 


Corollary 3.3: The Cartesian product of two fermatean neutrosophic dombi fuzzy graph is not 
necessiarily to a fermatean neutrosophic dombi fuzzy graph. 


From the graph dO F, 
(SpOsr)(y,a)(y,b)=(0.52,0.41,0.76) 
(spOsr)(y,a)(y/b) 


(YDDPF)AOgp (¥.4)(YDDGF)Ag,(%b) 
(PDDGF) agp (.4)+ (PDDGF)Ag-(9,b)—(PDDPF) Ap (1.4) (YDDGF)Ag,(¥,b) ’ 
(YDD%F)B up (7.4) (PDGF) B upd) 
~) @DOGF)Bup (.2)+(@DO9F)Bug0b)-(DOGF)Bup (7.0) (PDDGF)Bup yb)’ 
(@DOPF)Wvp (7.4)+(PDOPF)Wvp(¥,b)-2(PDOGF)Yvp (7.4) (YDOGF) AG, (yb) 
1-(PDDYF)Yvp (7.2) (PDOGF)ag,(%,b) 


=(0.42,0.375,0.72) 
(SpOsp)(y,a)(y,b)=(0.52,0.41,0.76)£ (0.42,0.375,0.72) 
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From the illustration, Cartesian of two fermatean neutrosophic dombi fuzzy graph is not 
neutrosophic dombi fuzzy graph. 

Definition 3.7: [Fermatean neutrosophic dombi fuzzy edge graph] 

D*is defined the fermatean neutrosophic dombi fuzzy edge graph if a neutrosophic fuzzy fuzzy by a 
truth-membership function, an indeterminacy-membership function, and a falsity - membership 
function is attached from (0,1) to each edge of the fermatean neutrosophic dombi fuzzy edge graph 
D*of a graph d and each vertex @p is crisply in d. 

Theorem 3.2: The cartesian product of two fermatean neutrosophic dombi fuzzy edge graph is a 
fermatean neutrosophic dombi fuzzy graph 

Proof: 

Let d and F be the fermatean neutrosophic dombi fuzzy edge graphs d = (Op, Up, Vp) and F = (@p, Ur Vr) 
D*= (@p,Sp) and F*=(@;,¢,) separately Then the Cartesian product dOF 

Consider, 

i)For all n € ¢p,Nztz € Sp such that 

(SpOsr)(n, N2)(N, t2)= TlPp (1),Sr(N2t2) |= T[L, Se (n2tz)] 

(SpO¢r)(n, N2)(N, te) 


agp P(N)ag_s(n2t2) 
Aon P(n)+ag,5(N2t2)-ag, Y(n)ag,zs(nate)’ 

2 Bup P™MBup SMa2t2) 
~~" | Bup 9()+Bup SMate)-Bup PMB up sata)’ 
Wp PM)4Vyp 6(M2t2)-2Yyp P(N) vp S(M2t2) 

Wp PM) Yvp sata) 


agp (N2)ag,(t2) 
AG py (N2)+Ag,(t2)-Agp (Na)ag, (ta) ’ 
~ Bup 2) Bup (2) 
Se(Nzt2)= Bup (2)+Bup (t2)-Bup M2) Bp (t2)’ 
Wp (M2)+Wvp(t2)-2%vp (N2)Yvp (ta) 
Wp (12) Wr (t2) 


(@DDGF)agp (U.N2)(YDDGF)Ag, (1,2) 
(PDDGFIAgy (MN2)+ (PDDPF)Ag,(N.t2)—(PDDGYF)AGy (MN2)(PDOGF)Ag,(Nt2) ’ 
(YDO9F)B up (UN2)(PDOPF)B up (Mt) 
~) (@DDGF)Bup (1.N2)+(DOOF)Byp(t2)—-(PDDOF)B up (UN2)(PDOPF)Byp(Mt2)’ 
(YDOPF)Wvp (1.N2)+ (PDOGF)Vyp(M.t2)-2(PDOPF)vp (1.22) (PDOYF) ag, (Nt2) 
1-(@pDYF)YWvp (1.N2)(PDOYF)ag,(N,t2) 


For all n € p,Notz2 © Sp 


i) Now consider n,t,; € Sp ,Z € Op 


(SpOsr) (14,2) (t1,2) = Top (1 t1),Pr(Z)] 
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Ag, (N41) ag, (C1) 

An (n,) + An (t,) - AOn (n1) a9, (t1) ; 
Buy M1) Buy (t1) 

Bup 1) + Bup (1) — Buy MD Bup (t)’ 

Yop (41) + Mp (41) — 2% py MD Mvp CE) 
Yvp (N)%vp (t,) 


So(m1t1) S 


(PDOGF)a¢p (11.2) (YDOYF)Ag,(t12) 
(PDDOF)agy (N1.2)+ (PDOPF) Ag, (t1.2)-(PDDPF)A gp (N12) (PDDPF) Ag, (E12) ” 
(PDOPF)Bup (11.2)(PDOPF)Bup(t1Z) 
~) (@DDGF)Bup (11.2)+ PDOOF) Bug (t12)-(DOPF)Bup (11.2) (PDOPF)Byug(tr2)’ 
(@DOGF) Wp (11.2)+(PDOGF) yp (t1.2)-2(PDOPF)Wvp (N1.2)(PDOGPF) agp (E12) 
1-(PDODPF)Yvp ("1,.2)(PDOGF)ag,(t12Z) 


For all nyt; € Sp andz € g, 
From (1) & (2) 
Every Cartesian product of two fermateanneutrosophicdombi fuzzy edge graph is a 
fermateanneutrsophicdombi fuzzy edge graph. 
Definition 3.8: [Composition or Lexicographic product]: Let 0; be a fermatean neutrosophic fuzzy 
subset of @p and ¢; be a fermateean neutrosophic fuzzy subset of ¢;=1,2,3.The composition of 
fermatean neutrosophic dombi fuzzy graphs d= (@p,Up,vp) and F = (Qz,uUr,ve) D*= (@p,Sp) and 
F*=(@r,Sr) separately is established by d oFand it is defined as 
doF= (Op ° Dr, Up ° Mp, Vp © Vr )-Here, 
Dp ° Or =[49 709-1 BOpOp VOp-dr | 
Hp ° Me=[Qupopp Bupeup Yupeur] 
Vp ° VF =[Qy nove Bupovp» Ypevpl 
§ por ={(1,N2), (1, tz): X E Pp Ny Nz E Cp}U{(Ny, Z), (Mz,Z) + NyNz E Sp,Z E Pp} 
{ (14,2) (ty, ta): NyNz E Sp,,Nz # ta} 
app (11) agp (nz) 
App (Ny)+ a9, (Nz)—Agp (M1)agp (N2)’ 
Buy (m1)Byp (m2) 
Bup (4) +Bup (R2)—Byp (M1)Bup (2) 


Vp (11) +¥vp (N2)-2Yvp (M1) Wp (M2) 
Wp (11) vp (n2) 


(Pp ° Pr)(M4,N2) = 


For all (n,,n2) € @p ° gf such that, 
it)(Sp °Sr) (1, N2)(t, te) 


Pagn (n) Sagn (n2t2) 


Pagn ()+Sag, (nata)-Pag, (n) Sapp (n2t2) : 
PBup ™ SBup Mata) 


PBup M+5By, M2t2)- PB, ™ Sep, Mata) : 
Pyvp (n) Wve (n2t2)—Pyyp (n) SYvp (n2t2) 


1-Pyyp (n) SYvp (n2t2) 


For all n € @p and nyt, € Gp 
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agp (Z)agp (M101) 
agp Z)+Agp (M1t1)—Ag, (Z)agy (M101) : 
Zz nyt 
iii)(Sp Sp) (Mz) (tz) = FO in oh Pe 
Yp@)4+Vvp (M1t1)-2%yp Dp (1101) 
Yp@Ywvp (M101) 


ii) (Sp °Sr) (M4, 2) (ty, te) 


Wop (M2) Op (t2)Sag, (M161) 
agp (N2)Agp (t2)+ag, (ta)sag, (n1t1)+a9, (M2)Sag, (M101) doz (M2) Aoe (ta)sag, (mata) ’ 
Bup(2)Bup(ta)spy,) (mata) 
BupM2)Bup C2)tBup l2)spypy M1t)+BupM2) spy, Miti)—2Byp (M2) Bup C2)spy, (M1t1) : 
Vv pa) vp (2) + vp (C2)Syyp (M1 bs) +Vyp Ma) Syyp M1 t1)- 2% yp Ma) vp (Ea)Syy py M101) 


1-Yv p (2) vp (t2)5yyp (M11) 


For all nit, € Sp,N2 # tz 


Example 3.6: Consider two Fermatean neutrosophicdombi fuzzy graphs d= (@p, Up,Vp) and 


F= (Op, UpVp)-Here pp={x,y,zZ},9r=la,b},Sp = {xy, yz },Sp= {ab}where 


= i x y Zz } -{ a b | -{ ab } 
Pp (0.7,0.6,0.5) ’ (0.8,0.7,0.5) ’ (0.9,1,0.6) Pr (0.7,0.8,0.5) ’ (0.8,0.7,0.6) SP (0.6,0.5,0.7))’ 


xy yz 
(0.6,0.5,0.7) ’ (0.7,0.7,0.7) 


Sp = { }, .Then we have 


Pp ° Pr(X,V) = (0.6,0.5,0.7), Pp ° Pr(y,Z) = (0.7,0.7,0.7), Op ° O(a, b) = (0.6,0.5,0.7), 
Pp ° Or (x, a) = (0.5,0.5,0.7), Pp ° r(x, b) = (0.6,0.5,0.7), Pp ° rly, a) = (0.6,0.6,0.7), 
Pp ° Or (y,b) = (0.6,0.5,0.7), Pp ° Or(Z,a) = (0.6,0.8,0.7), Pp ° Pr (Zz, b) = (0.7,0.7,0.8), 
(Sp ° Sr)(x,a) (x,b) = (0.47,0.37,0.76), (Sp ° Sz) (y,a)(y,b) = (0.52,0.41,0.76), 
(Sp ° Sr) (Z, a) (z, b) = (0.56,0.5,0.79), (Sp ° Sr) (x,a)(y,a) = (0.47,0.44,0.76), 
(Sp ° Sr)(y,a)(z,a)=(0.53,0.6,0.76), (Sp ° Sr)(x,b)(y,b)=(0.52,0.41,0.79), 
(Sp ° Sr)(y,b)(z,b) = (0.6,0.53,0.79), (Sp ° Sr)(x,a)(y,b) = (0.29,0.27,0.82), 
(Sp ° Sr)(y,a)(z,b)=(0.32,0.32,0.82),(Sp ° Sr)(x,b)(z,a)=(0.29,0.29,0.82). 
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x(0.7,0.6,0.5) a(0.7,0.8,0.5) 

= 

EN 

S 

Nn 

3 

3 

y(0.8,0.7,0.5) 
D 2(0.9,1,0.6) b(0.8,0.7,0.6) 
F 
sa aside eee ee (z,a)(0.6,0.8,0.7) 
Es Ss 
= nn 
xa a 
E S 
= nN 
xa i 
5 ~~] 
: Re 
b)(0.6,0.5,0.7 

(x,b)(0.6,0.5,0.7) (y,b)(0.6,0.5,0.7) ieee 


D oF 


Corollary 3.4: The composition of two fermatean neutrosophic dombi fuzzy graph is not necessarily 
to a fermatean neutrosophic dombi fuzzy graph. (Sp ° Sr) (y,a)(z,a)=(0.53,0.6,0.76) 
Edge product of (y,a) and (z,a) is 


0.6X0.6 0.6X0.8 0.7X0.7 


-_———* $s __ __}=().42,0.52,0.82) 


0.6+0.6—(0.6X0.6) ’ 0.6+0.8—(0.6X0.8) ’ 0.7X0.7—(0.7X0.7) 


(0.53,0.6,0.76)#(0.42,0.52,0.82) 

Theorem 3.4: The Composition of two fermatean neutrosophic dombi fuzzy edge graph is a 
fermatean neutrosophic dombi fuzzy graph. 

Proof: 

Let d and F be the fermatean neutrosophic dombi fuzzy edge graphs d = (Op, Up, Vp) and F = (@r, Up, Vp) 
D*= (@p,Sp) and F*=(@;,¢,r) separately Then the Composition product d oF 
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Consider, For all n € ¢p,n2t2 € Sp such that 
(Sp °Sr)(1, N2)(N, t2)= T[Pp (N),Sr(N2t2) FTL, Sr (N2t2)] 
(Sp °Sr)(n, N2)(N, tz) 


agp P(N)agps(N2t2) 
App P(n)+ag,5(N2t2)-a9, Y(n)ag,zs(n2te)’ 
2 Bup PMBup sMata) 
~"| Bup 9M) +B yup SM2t2)-Bup PO Bup Sata)’ 
Wp PM+YV yp 6(N2t2)-2Y%vyp PM) vp S(N2t2) 
Wp PM)Yvp SMa2t2) 


agp (N2)ag_,(t2) 

Ag py (Na) tag, (t2)-Agp (Na)ag, (ta) ’ 
Bup M2) Bup (ta) 

Bup (2)+ Bug (t2)-Bup M2) Bp (t2)’ 

Wp M2)+Wvp(t2)-2Wvp (M2) Yvp (ta) 
Wp (M2) vp (t2) 


Sr(N2gt2)= 


(YD°PF)@Op (1.2) (YD°YF)ag,(Nt2) 
(PD°PF)AGp (MN2)+ (PD°PF)Ag, (Nt2)—(PD°PF)Ap (MN2)(PD°PF)Agp (tz) ’ 
(YD°PF)Bup (N2)(YD°YF)Bup(nt2) 
~) (@D°PF)Bup (N2)+(PD°PF)B up (Dt2)—(D°PF)Bup (1N2)(PD°PF)Bug Mt)’ 
(D°YF)Yvp (1.N2)+(PD°PF)Yvp(Mt2)—2(PD°PF)Yvp (1.N2)(PD°PF)AGp (N,t2) 
1-(PD°YF)Wvp (14.2) (PD°YF) AD, (Nt2) 


For all n € Sp,Ngtz2 © Sp 


i) Now consider n,t; € Sp ,Z © Op 


(Sp °Sr) (M41, 2Z)(t1,2) =TlSp(m1t1),r(2)] 


Ag, (Ny) ao, (t1) 
Ag, (M1) + Ag, (ti) — Ag, (M1) ag, (t1) 
Bup (21) Bup (t,) 
Bup (n,) + Bup (= Bup (11) Byp (t,)’ 
Vp (1) + Yyy (1) — 2% C1) Wp CG) 
Yp (M1) %vp (41) 


Sp(mjt1) S$ 


(PD°PF)@p (M1,2)(PD°PF) AG, (E12) 
(PD°PF)Agp (N1.Z)+ (PD°PF)AG p(t1.2)—(PD°PF)ADp (M1.2)(PD°PRIAG_ (E12) ” 

(PD°PF)Bup (1.2)(PD°PF)Bup(t12) 
(OD°OF)B up (M1.2)+(PD°PF)Bup(t12)-(@D°PF)Bup (M1 Z(~D°Pr)BupltyZ)? (4) 
(D°PF)Yvp (M1.2)+ (PDF) vp (t1.2)-2(PD°PF)Wvp (11,2) (PD°PF) agp (t1,2) 

1-(9D°YF)Wvp (11.2) (PD°PF) agp (EZ) 


For all nit; Esp and z € Or 

Now consider n,t, € Sp, Nz = tp. 

(Sp °Sr) [(M, M2) (ty, t2)] =TIT(@e (N2), Pr (t2),Sn(M1t1))] 
=T[(T11),Sup (1 t1)),(1(0,0),5y,, (M11) 

= T[(T(1,0),T(1,0))(T Gy (1 t1)Svp (4141) 
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(PD°PF)AGp (M1 N2)(PD°PF)AgO,p (Ext2) 
(PD°PF)Agp (N1N2)+(PD°PF) AG p(trt2)—(PD°PFIAPp (N1M2)(PD°YF)Agp(trt2) ’ 
Z (D°YF)Bup 1.22) (PD°PF)Bup(trta) 
~) (@D°OF)Bup M122)+(YD°PF)Bup(tat2)-(PD°PF)Bup (212) (YD°PF)Byup(tate)’ 
(PD°PF)Yvp (M1.2)+(PD°PF)Yvz (E1.t2)-2(PD°PF)Wvp (M1.N2)(PD°PF) agp (Eta) 
1-(D°PF)Wp (M12) (YD°YF)ag, (t1t2) 


From (3), (4) & (5) 
Every Composition of two fermatean neutrosophic dombi fuzzy edge graph is a fermatean 


neutrsophic dombi fuzzy edge graph. 


4. Conclusion 

Dombi neutrosophic fuzzy graph is more and more interesting by researches. There are many 
theoretical and applied results on neutrosophic fuzzy graphs that are built and developed. The 
concept of neutrosophic graphs can be used in many applications like decision-making problem, 
transportation, and computer networks. In this paper, we have introduced Fermatean neutrosophic 
Dombi fuzzy graphs and then we presented and studied some of its properties. Also, we investigated 
the relationship between the other existing Dombi neutrosophic fuzzy graphs. This shall be extended 
in the future to investigate the operations of the strong,semi-strong, complement of Fermatean 
neutrosophic Dombi fuzzy graphs with few real-life applications with relatable illustrations. 
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